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(54) NITRIDE PHOSPHOR AND UGHT-EMITTING EQUIPMENT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
device which emits white light of a reddish warm color 
type with good luminous efficiency, a phosphor which has 
an emission spectrum in the yellow to red region and is 
used in combination with a blue light-emitting device or 
the like. 

SOLUTION: The nitride phosphor is represented by the 

formula: LXMYN((2/3)X+(4/3)Y):R or 3. 4 • --^f^x^iryj, \ 

LXMYOZN((2/3)X+(4/3)Y-(2/3)Z):R (wherein L is a group , ^. j ....--^^jU^^^^^^- 1 1. 
II element to be selected from the group consisting of Ca, [' , . J/ ■ -^Z/*- 
Sr. Ba and the like; M is a group IV element to be selected ^ ~% 

from the group consisting of Si, Ge and the like; R is a rare _ — ^ 

earth element to be selected from the group consisting of i- ■ 

Eu and the like; and X. Y. and Z are 0.5<X<3. 1.5<Y<8. and 
0<Z<3, respectively) and contains 1 ppm to 10,000 ppm B. 
The light-emitting equipment is constituted of the above 
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nitride phosphor which converts the wavelength of part of 

the light from a blue tight-emitting device 10 to have a peak wavelength in the yellow to red 
region. 
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13t»<5»IH* V . S3t«:<?)«£5t^tf . atci)iieiclt Z /5SIC J; ^ -?« A ^ <<) @ C f* 
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ilftJ^^tDtt 3 fgat^l 2 C ^ IC J: 'J . 6169^. Xtt. A X T * 7 - «y IC5l3t 
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[ 0 0 2 8 ] 
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[ 0 0 2 9 ] 

t7 7'f7S*Sl ±IC¥Sif^S2»fr^SS;r^l. i«¥«<$l2<?)|fil--fIHIiJlCiEJl<5^*i3 
Vrf^t ill U Z . Bule¥«#S2lCtt. f!*l (SmuStl) t^iaiti^^lTSirV. C<?) 
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7 h ;i/ 1 1 1 3 . 
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IC7x'fX7y7'U-7r'f7R>K (»«) tl. ^^f/lOh'^i. ';-h"7U-2^1 3t7 

'fr-Tior-c^jSU. f!?fet^(t)lllffi3tJy7•c!)iSlt^^1,fe'J-h•7^-z^l3 30 

(X,ICiliiS-?7'f-f-ac>h-U. Ilffi8tt7-:S<?)'J-h'7l/-/*1 3i)IC7'f-»'-3? 
> H t 7 . 
[ 0 0 3 1 ] 

t-;uh-^ln:^j£b. ^-;i.h-|lt<?)T'-fX^>i^--?u-h-7U-Ai 30)* 

y7'PqiCl3tftl l/^5fD-TY>7a5ttl 2t)tAt3. ®3tftl 1 ^□-X-f>7ffl5 
«1 2VI3:. •?4^l9fa<9tJftC«-ICS^l/ T35f < . 
[ 0 0 3 2 ] 

^lt» 1 1 3iA«^ . ^ 4;) € - K §3 tf 1 5 z^iiAr tL;fe f - k s ^ <i) + c 'J - k 7 i/ - 
/.I 3t5t«U^ei. S^tttrUT»}liSt®^b?tt. l2l1ICyTvt«i;?««g3*lC!)fS3tll 
1 1 V t I . 40 
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e>7. (7tU)Cr>9. (ll3^<«))tl<?)11&ttlCf6*ettt?t<?)tll7. 
C 0 0 S 5 ] 

ift%nw 2 ) 

3t:f!BB c« 7 fg3tllS 2 t /fv t 3 . fg*lll2(3:. ^ 1 * ^ S Q? 5g * H S t r# 0C t 

t*. ^?h3ti»ie(5fg3t«^i 0 it<5'Jic'>;o7< SieBt-z. %%^=5- ^ o i vutled 
fvT-l 0113: - f!*S>;U-7C-i7iSfit^85370nmQlnGa.N¥«#ttm 
<b5a¥«fff!3t«^tffll) 2 . J: U :a^$fl3ft L E D V U T-!^7 7 >f 7S«±IC 10 

. 7 > h" -7'<5S<bl»¥«»7(?) 1 n SGo-Nl, 8 i H - 7- <?> n t +1 n 1 

«ft-f(?)3nlAIG0LNl, »;cfS3tlt«BCtZ InG0LNS<9Si-l^?Fp«3t^ 
«3tl±ICttM^»fh--7-rtlfePS77yKlVU7AlG0LNi. M^i^ 

K-7"rtl^PS!D>'?7 hS-?;?)IG(xNStm»flSrtt^«SJJVUTJ)I. (53V 
. t 7 7 7*^S±ICtt1&a-?Ga.N®t ff^STT tt A y 7 7 1 V 7 ttT i?) 1 . PS 

fi)t:Kfi^40 0tJ-!<.±-?7z-;i'rttTif)3. ) . jLv f y 7\:: v-7 7 ^ 7 
S«±<?)Hb®¥«tt;clB|- IHI'J7. p n*D> 9 7 h eSEtBHir tt? . BHi^ilfe 

nlD>'?:7 KS<i)±lCnmffit^ttcJ^sru> U!)U:j^r^iriC^o*.Pl!D>-?7 Kl© 
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ir-'VI OSjSC'J-h'lffil 0 2<^)*fflCI*Nl/A»l»f!alt^^lTll^. Ay^T-- 
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9 0wt?svr-7;i/5;^i 0wt%*^iis?x=7i;-ic>4UTB*^5iio?ti,feCoLz 8 

isNg-Eu. (Yo. sGoLo. 2)3Al5Oiz:Ce#<?)®*#108t$* 
tit. l)yK10 6<9Sl^t'K3S:a5107<9tllC^?fiU, 2 20 °CICT3 0S'^iD^«^b 

»fffid;)7lSS«7l ttt. «iRttC«tl*.fe*lll ^ t 3 C V7 7 . i!».T, *5gBB©*« 40 
[ 0 0 3 8 ] 
[ 0 0 3 9 1 

(^*^$) 

*%aBlC«^^*i*t3:. Y. LOL. Ce. ?t. N (i . 8 m . Eu. Gd. Tt, Dx. 
Ho. Er. L u » « 2 »f» "J ? '>« < >: t 1 aJ'J<>±<?>IS±S%«C J; HIS r 

ft?. Be. M». Col. St. Bol. Zn»H«2»»i53Sl3:*i7'>«<V£lSi^^± 
©381 I^Stc^V. C. si. Ge. Sn, Tc. Z^. Hf*m«ZPaniSi3:ftI'> 
« < >: fe 1 a>!«.±<?)5S I V2Sx« >: . N >: . t <b!a)®*»-? ^ t . l8S^b?a®3fe 50 
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ti#i7c«v. 81^, NV. »^^^^s^b«;S^t^^-?;?)oT. B#iPPmw.±ioo 
0 0 P Prr\VAT-Stti-7\,)Jz:)i-ini^YtJ^it'&)1^%W-7hl-0Ytfntli). Eu 
©-i3tt. Y. La. Ce. P^>. NcL. 8m. Got. Tt. Dx, Ho. E/". Lu» 

8;-0'>=S<>;6iit*ti#-:;5<5x*<?)-a5fS. Be. mi-. Bol. Zn»i75S7^#i> 
Sf3:+iZ'>5;<Vtia^Jk±o>95I lS7i;«C«fc';i«lRl«g-f^I. 8l<4)-8Ptt. C. 
Ge. Sn. Tl. Zr. h f » * 3 8I» ^ Sertt I '>« < >: t l «J-!«.± <?> » I VStc 10 
«C J; 'J ? . 

[ 0 0 '^ 0 ] 

*f§WlC«3t*^*t3:. A<$fi$llCI3:. -ffi^. LxMyN( (2/3) x + (4/3) y 

) :RSL.<I*LxMyOzN((2/3)X+(4/3)Y-(2/3)Z) 'RfL 

1*. Be, M^. Co.. sr. Bol. Zn»>iSI»t^'iSl?ti3'>*<V6ia^K>±<9 
«I lJSx3!?7i?)3. Mtt. C. Si. Ge. Sn. Ti. Z<-. Hf»i^53l¥i^^S 
lyil 3 '>« < V t 1 «J{«.±<?)!8 I ViS7C«-?i?) 3 . Rtt. Y. Lo-. Ce, P . N cC . 
8m. Eu, Got. Tt. Dy. Ho. E ir . Lu»H«3ffif}tA»ijiBrtL3'>«<>:tl 
mvX±Q%±mjt1lil^9)J. X. Y> ZtJ. 0. 5^X<3. 1. 5^Y^8. 0<Z^ 

37i?)3. ) ?^rti3Htii»l**^7i?)o7. isHbiK^atf^fi. B«^i PPm;:<.±i 20 

0000PPmJ.H.TSttLTl)3C'i;titflS[^t3Hb!t«)S3t«;-?(P)3.-M«<9:R^*^5!l 
VUTtt(8i'TC0Li-T)zSi5N8 ^Eu.ColzSibNb ^Eu. S It r C 
OLi-T8i7N,o - Eu. 8)^8i7Nio ^Eu. ColSctNio 'Eu. 8i" 
zSIbNb - Eu, BoLzSigNs :Eu.M3'28tBN8 ^Eu, ZneSts 
Ns :EU. 8)-8i7Nio ^Eu. Ba.8i7Nio ^Eu.MS-SItNio - E 
u.Zn8i7N,o = Eu. Si-eGegNg ^Eu. Bcx-zGesNg ^Eu.M? 
zGesNg :Eu. ZngGesNs ^Eu. S^Ge7N, 0 - Eu. Bo-GeiN 
,0 :Eu.Ml'Ge7Nio :Eu.ZnGe7Nio - Eu. Sr,. gCo-o. z 



1 0 
1 0 
I 0 
1 0 



E U . 8^0. 8 C Q, 0 



E u . M 0 . 8 C OL 0 

E u . S Ir 0 . 8 C OL 0 

E u . M ? 0 . 8 C OL 0 

E u . 8^0. 8 C a 0 



8 I 7 N 30 



2 O I 7 

2 8 I 7 N 

2 Ge 7 N 

2 G e 7 N 

2 8 I e G 



Eu.BoLo, 8Ca,o. 2 8l7Nio 
Eu.ZHo. 8COL0. zSItNio 
Eu.BoLo. sCo-o. 2Ge7Nio 
Eu.Zno. 8C0L0. 2Ge7Nio 
eN,o ^Eu. BoLo. 8C0L0. 2Si6GeN,o ^Eu.Ml-o. & C a, q , 2 
SisGeNio :Eu.Zno. aCo-o. 2Si3GeNio - Eu. S)"2Si6 
Ns :P^. B0L28i5N8 P^. 8^28l5N8 :Tt. Ba-Ge7N,o = C 
e (0<T<1-?ift?. )#-?*r*iIHbtti®3tftt«ffit?c)itff»tbu. 
[ 0 0 4 1 ] 

C©S<b»«3ttttt. LxMyN( (2/3) X + (4/3) Y) :R«U<tt 40 

LxMyOeNc (2/3) X + (4/3) Y - (2/3) Z) ^RC^^tbT. BX^lP 

Pm;^±i 0000PPmWTS*ti7i)Z. S^, ffi^"?, §a)Si?HC7K 

t73!5^b^?»t5i^ot3c^^^7f3. <«. colj N2 . s i 3 n, 9Y0)JS.mmm 
ic. 5d;)3t7t!:Tfi<cve7?=3. ffii^tt. a^iSfttfiii. Hj bos t^int? 

iPPm»i.±ioooPPm;jLTtf«tuii.?tc. iooPPm>x±iooo 
PPm;XT«f»*Ut). $2^il6tffi). a-vO«t5iJ0t3«ett. 1 PPm>J».±1 00 
00PPmi:«,Tt^»*ui). !Jtci 00PPmJ!<>±i 0000PPmi!<,Ti^»*ti). IS 

0*. BHb7K'5«. TK'^BUI^t'fffiffl???. A^$fl9lCtt. BN. H3 BO3 < Oe 

. 62 O3 . Bci 3 . 8 iBb ' colBb «yiff^ir»iii3. c*m©avO«<bft?»« 50 
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ti^tt. ;&ru t-ausii. /Kt;«tt. sjtiaicsyit iJtesKSPS?- -Bifmmt 

C 0 0 4 2 ] ^ , 

LI3:> Be. M^. Col. B f . Bol. Zn»'ie?P»'iMW*il'>«<>:tia>!».± 

«f. Co.YSr. ColVM^. Col^Bol. Col>: 8 ^ Bcx.«V5)ffl*tte °r«g7<9)? 

. g^t«!®*<*(?)iias)?iccoLV8rci)'>«<veiit**i»-:5tfflii3cvic<fe'; 
«<^tiir*i»-:^©7c«t*UT3yu. C0LV8r<t)-8i5t. Be. M^. Bo., z 

3 : 7Q)Vf . Col. 8 ^' © 3f t ffl U V ifc-^ T . ^ jSL g «'J C C - 5 ifiS W V 7 K U 
«f V 7 I- t 3 . 

[ 0 0 4 3 ] . . « 

Ml*. C. Si. Ge. 8n. Tl. Zr. Hfi^H«2»>*'iai*^l?'>«<>;t1« 

j.hiqsivSex*?;?)?. ^«?)fed;). c. si. Ge5iytiiiffi-?fi;fflt3cve-??= 
CiiSi. Ge^si. TiV8i. YS i . Ge>:Tl>:8t«v©ia^tt 
esiJfe-?*)!. s^bi»s?tft<?)ffis)ric8itfflu3c>:cj:';^«7astt9A» 

«S1b«5«3t<*t««tZC^tff-??=I. 8i©-BPt. C. Ge. 8n. Tl. Zr. 
t.J2)itfl^fZ . mXtS. Sit9 511%fflU-7. Get5H%fflU^C'Ji*^7?= 

I . 

[ 0 0 4 4 ] 

Ria:. Y. LOL. Ce. Pr. Not. Srm. Eu. Gd.. Tfc. D/, Ho. Ei". La 
»ii55;iPfl^^Sl*tl?'>«<vei«>!<.±<i)#±lil7C*-fi?)3. Eu. p^-. cesv 
t«»7fiffltie^t-??=3Xf. Ce^Eu. P^-^iEu. La.>!Eu«y<?)ffl^ltt 
iRflC. WiSfJVUT. EutfflD^UVIC^'). »e?^^#eti«!icc-7 

LOL, Ce. P^-. NoL. 8m. Get. Tt. DX. HO. El^. Lu7ll*UTt<fe 
U. E u ©-fft t^xt^ffittt ? C>: IC J: . «!9*«tt> ttWiSV U T^^ffit ^ . 

Eut*^Vt?ii^?S!)tSffltI*l6. BrMCJ:')E^.tfct$:t2CVifr-??=3. 
T<91lli6^5'Jtt . fl*^ ;liVlC^±S7t«7i?) 1 i 't' 0 C E U t ffl I) ? . a D C -5 R 

^s^t^^^«lc)itUT. Eu2*tW)S9J>:bTrai)i. Eu^*tt.BS^trii^t<, 

31iO)EUe03<9fflS!C-?ffiifirtlTl)3. Ui^U. !Pifi<9EU2 03"?tt< 00)^*J^ 
X?<. fi.ft««*ft«f»HftC<l). Euz O3 »»iOt. ^Jh'vRRSU*: 

rliEsIb»®*fttt. rmc. Li. ngl. k. Rfc. cs»^«^3Pf^^ 'iSt3r^l^ '>55 
<>;eis;!^±<5SgiiSx5StiJ-:<.±500PPm>:'.T§t^c'jjt-??=2.SiiS7c«i3: 

SiSlSlC3rit 2«fcfiri^lC. JRSJt2fe4/). 1 !Pf ^ <9 iD 3 «) <fc ') . !fe <i) ^ 1 <9 
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15 P. '>55l)lV5oTl)I. ^©fe4;)> /iniC^ait^ltlOOOPPnn^HTCiS^ 
[ 0 0 4 7 ] 

I I IStc*. Ti,ZJ-. Hf, 8n. Pt»iJSI»IV8l3c«. P. S 

5iBrt©«ait0^t^. ^<?)fedft, /siwicjiflir^tti ooo 

[ 0 0 4 8 ] 

BulfiS^t»^*^^lt. riilC, Ni, C)-c>i)ftl»0x*t1J-J^±5OOPPm>XTg 

Pm;!^TiciaMtluv*if»*uii. 
C 0 0 4 9 ] 

^fitizt^. ctiicPRsrtize<9-?tt«<> s^bia^ 'f5H> j^k, 20 

[ 0 0 5 0 ] 

fiies<b%)S3t^* <5M5x;i= csstf^^* T tiT I) I . bs^i*. /S)Pf >; 5 :s *SBHb?&tni 

fitSil. ss^ttis] ±<<)J3)S t ffiJit ? V f ^ »5 M . tst)-«r« iSJPficffifflr ti3 -<9ib 
^!B!t-x^;u. S<b«5> Bl^bi* t Isi^<9B*t^*m til ;t^. u •5.aHb% t ffl I) 

^tf ft ©BmS^X 11 t 3f) 3 . g<b!t»®3tft<9Jaa«iitt« SISSXtt«JJ^St^if) I 
[ 0 0 5 1 ] 

(«*tt:<i)Slt:S)*) 80 
[ 0 0 5 2] 

lg3^(Z)C0Lt*&»tI (PI) . ii5|?}<4)COLtt, lftt«fflr?CVJ^»^L,l)2^. >f5 
hMbft!tSi. 7^hMbft^«y<5^bft!tetfiEffltlC>:e-??=I. *feig5P^Catt, Li, 

tic<*;'J. «SlSt;B-ll>:i.5t);ty). ®3t<*<t)S<ffiiat^lift^b-??=. 5?IS5Hb?» 

a? y 7 Z P<JT»»t 7 . COL<?>»»<?) B5e V I 7tt . ¥«iBiat^«) 0. 1 U m ± 1 5 40 

[ 0 0 5 3 ] 

/iipj0C(xt. uRSHaf^sibti (P2). c©S]e«t> <biic/Tvt. 

[ 0 0 5 4 ] 
[<b 1 ] 

3Ca + Nz T ColsNe 

C(xt. s«siHft + > eoo~?oot:. $95^^. s^bU7. ca,<?)g<b!»tti?c 
^»f7?= 3 . coL<9S^b?att. Sttset <9t^»* u I). 5o 
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[ 0 0 5 5 ] 
[ 0 0 5 6 ] 

Ji!Pt<58it*&»t^ (P4) . i^f\o>s I a. $ftt«fflt?cvt(f»*ui)»f. sit 

4. 8i (NHz) 2, Mt2 8i«y7^I.JiiPf©8l<?)ttStt. 3NJ.J(±©t©# 
tt^UDtf. Li. No.. K. B, Al. Cu«y<3)Sft3x«t»f§^?-4l7ll7t^ll 

^ V x^-^m^-i fi"? . s I <b^!Bi<?)^J^iBl<itt. ISO. 1 um^JLli 5umJ-5LT<9K 10 
I) . 

[0057] 

IJPKDSit. S«S?Ha + 7S<bt2 (P5). C<9>Sl®St. ^b2C/Tvt. 
[ 0 0 5 8 ] 
[<b 2 ] 

SSi+ZNzTSiaN, 

ir-ftSie, S«»H«t. 80 0~1 200t. I£l5i^lil, S^bU"?, S^b!7->f«t 

[ 0 0 5 9 ] 20 
[ilfilC,8l<9S^b?at»»ri(P6). 
[0060] 

EU(^)^be%lEu^ O3 lU, B<{)^t^«!)H3 BO3 tJ^^iS^t^ (P7) . Eu 

0<b#!a>:UT> K<bi'5ne'5^>t®st3»'. sSi-^Df^A. s^bi'5□l^'5z* 

^Ytl-f J . K^biODCt^/Att. Bi$%S(9tC!)tf»*Ul), B<9^b^5J5^<!)^^J37C 



0 t $) I fedi) , A 










7 □ - 7" y 




[ 0 0 6 1 ] 














B <<) ^b •& IS H 3 B 


0 




0) «! IC . « I ^ 


7t*. I viS7c*«y t E 




t 7 ?= ^ . 35 I SI 


X 


% 


, !B I V&xHk 


« y <9 jb ^ «5 tt 


. mxix. H 


2 Mo 0 4 > L i 0 H 


• H 2 0 . NOL 2 


C 


0 


3 . K 2 C 0 3 


, R t C 1 , C 


S C K Ml' 


(N 0 3 ) 2 > ColC 


1 2 • 6 H 2 0 - 


8 




C 1 2 • 6 H 2 


0 , B olC 1 2 


• 2 H 2 0 . 


T I 0 8 0 4 • H 2 0 


. Z 0 ( N 0 3 


) 




, H f C 1 4 « 


VC 1 3 ' N fc 


2 0 6 < To, 


C 1 5 < C ( N 0 3 


) 3 • 9 H 2 0 . 


H 




W 0 4 . R e C 


1 5 . Feci 


3 • 3 H 2 0 


. R u C 1 3 • 2 H 2 


0 . CO ( N 0 3 


) 


3 


■ 6 H 2 0 . N 


i C 1 2 • H 2 


0 . I C 1 


3 > P dC 1 2 . H 2 


P t C 1 6 • 6 H 


2 


0 


. C u ( C H 3 


COO) 2 • H 


2 0 . Af H 


0 3- H A u C 1 4 • 


4 H 2 0 . Zn ( 


N 


0 


3)2 ' 6 H 2 


0 , H 3 B 0 3 


, A 1 (NO 


3)3 • 9 H 2 0 . G 


OlC 1 3 ' I r>C 


1 


3 


. Ge 0 2 X '8 


n (C H 3 CO 


0 ) 2 > P 


(N 0 3 ) 2 » (N H 


4 ) 2 H P 0 4 . 


8 


b 


2 0 3 - Be ( 


N 0 3 ) 3 -5 


H 2 0 , ( N 


H 4 ) 2 S 0 4 ^ t S 


ffl t 2 c -? ?= 


J 




c <b ^ i» t 


C OL <i) S <b . 


8 I <Dmil^ 


, E Q it^^^Ym 


c^ai I -ZD J If 




c 


(KQMit^. 8 


i <4) S ^b «5 , E 


U CEHb e «J ¥ 






1 


I) 


T t J: I) . 








[ 0 0 6 2 ] 














Eu<i)<b^!B5Eu 


z 


0 


3 V. B<5^b^?»H3 BO3 V 




BUbsaat-j^ssKt 



3 ( P 8 ) . 
[ 0 0 6 3 ] 

EuVB(9Sft%t»»t? (P9) . i»»«<?)Eu^B<4>iift«5<?)¥*^iBiatt. »0. 
iumz*'ii5um-f5)Zc>;t(ffttui). 50 
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[ 0 0 6 4 ] 

±lEJ«&»tff CoL0S<b?». 8l(?)S^b!t^5. EuVB<?>iift«l!tii^t2 (PI 

0 ) . 

[ 0 0 6 5 ] 

P7~P90)iat#IBSU. P10(?)Iffl?> C0LO)S<b!tJ5, Sc<?)S<tai. EU<9^t^ 
?2!IEU2 Os . BQ>it'^^H5 BO3 t. $2^-?iet?UV£-?$=Z. 
[ 0 0 6 6 ] 

Ca.(9g^b!ttl. 8l(9g<b^. EuVB«i)ji^ft»t7>EZ7§HM1=-?, JfeSitl (P 

1 1 ) . ftsncj;';^ Btff^mt ix^co^z s tg Ns ■ Euf*rtL3®3t^*t#ic 
v»-?$=3 (PI 2) . ^<^))e^E)^cJ;3M^b^^5®*^$<^>SI&^t. -ibsic/Tvt. 10 

[ 0 0 6 7 ] 

[^b 3 ] 

1.985 5 0.015 
i CagNg + — SigN^ + ^ EugO 



^ ^^1.985 E"0, 015 Oq. 0225 

20 

[ 0 0 6 8 ] 

Z^l. #JS!5|?K9lEejt* t 1 1 C V C J; . g «l V t ? ® * # <?) lUEe t R t 3 C 

tfr-? ?= I . 
[ 0 0 6 9 ] 

gttJtP. /hH^. SiSaiUP, / ^ ;i.JtPSy t ffiffl t I C ^ ^^7?= I . ^^'MSLtt 
. 1 2 0 0 »^ ^ 2 0 0 0 t:£i)eH7«Ert fl? C V tfr-? ? ^ > 1400»'^ 1 8 0 0 t 
©ftflCaS^fftSUl). it^lcSmtffUl 200»'4 1 5OOt7l&Bt^)^0t: 

t<7?-®i^)eisEt«fflticv»f«j*uiit^. 8oo»^i ooor:-?-®p&sc?)!a!6K 

(^^-^ICJOfflUTI 200»ii 1 500t:-?-ailg <5«SS)i; t ■? - SliSfeBJi; ( f 

siig^fr) -^^mt -i z: Y fT-^ z . ®*fti 1 «i);i)Pftt - g^b7rvO« (bn) so 
(Ai 2 03 ) t}H(i>jatatfifflt^cv£7?=i. ctme, ai^r. Moj:';t, 

[ 0 0 7 0 1 

jSxgaat*« ?x«. 7;nr>. -Hi^b^«, -Bi^b^«. 7>€z70'> 

[0071] 

[ 0 0 7 2 ] 
(«*<$) 

ft. jsec5g*tzit3tft, eeic5g*r2ffi*»<?)'>«<>:turii»ijx±<?)®*» 

[ 0 0 7 3 ] 

SeiC5E3tt 2«3tft. SeiC5E*t 2®itft, K 6 IC f! * t Z S * ft C . «^<93l3t 

ft»fj)iflf, Sfic. '>^5<vec';'5/A■?s^;St^lfe'(yl-'>lt7/^•7;^§z':7^.^s^b^» 
«3tft, '>^^<>:t•t2';'5z^-?s^;S?■^l;t'fy^-';':7z^•:(rh■'Jz'>z*•7y^§z'5^.8S 50 
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MgO, z ■■ R (Lntt. Y. GaC> L0L»iiSf3:4l.I'>«<>:ei;X±-?$)?. Mtt, 
AK C0L<?)'>e<Vtllt**l»-55tSt'. Rtt. y y / \' . ) , (Y, 

-xGax) 3 (Al , - yGay) 5 0, z ■ R (Rtt. Ce> Tfc> P^. Stm. E 

u. Dy, H o n ^ mts ii z ^ <)i t ] vx li- 9) J . o<r<o. 5-?i^i. )t®ffl 

t Z 2 Ylf^^ 1 . 3ff^R5h» H sf^ife^S^Sffl'J. 2 7 0 ~ 5 0 0 r> fn <9 10 

f-;i/t*-r ±ie(?)®*ff cBR^r ftf . a-^ <?)®*#»f«ffi-? 

[ 0 0 7 4 ] 

f!3t«^1 OIC<J;';f!3tr4i;feSfe*<i)-ISPti!SliRUT?lfeffil!S<53fetfg 
*t2. CC-?. fe*«^10IC<fc'Jf!3trtl^«e*V, ^v\''J'yL-7^^Z'yL 

BHbi|35®3tftci)ee*VtfriieiCJ;';f6l)t]eiC5!*t3. - UCp'fvK'Jt;^ 

•7;i.§z'5ABS^b«i^3t<$>:«llBSjb53!)S*fl:>;t3i*ttt*t^D-T^>7a5«>: 20 
-3SCig^Ufe®*^$1 1 ^. 5g*3S^1 0ICJ;Vf§?t7*l^fe3tVtiliJf^t)tt^C 

TJ^>1ieim!fR0L»f7 57^19 b h & MS. tf Z 0 0 071il8 0 0 0 K-?5)7. 

L«iit9i^^W)i(o&€sn<o^&f::%%tz%%nmQ:. i^nm&mm^R 9 ^^uis o 

IC3ff<> AJ^PJi^^fr^S b 7 ^(:);fe4;)*t5i|iaeiTllXR 9 t iSd/) Z C 'i; flf^;*IS8l 30 

VSoTii;^;!^. *f!aBic«Z®^ftt^ y I- 'J'^i. • 7;u$zt7AK^bf»^*^$1'tc§ 

*tZC^ICJ;'J. iW5*afeBT«IXR9t607117 0t-?Bd;)IC>:»f7??. CCf 

. iit?»)iie«T«»R ? tt, ¥jg»effflia'i:tt8M<97affl<?)e«<5<i^Qe7:i/tai«v 

U 7 jK4/) I t <9-? « 7 «IH<?» TJ^^t* « I) . 7 affl<9 e« V U Ttt , S <9 a I) 1^ 

. H. IS, i. A9<S)f (£1A) . 5|^<t)l<?)ii, A«i)A)S (a*A) ^^t Z t (OtfM 
ff*lTll3. -^^VYftlillC. R9. RIO. R1 1. R1 2, R1 8. R14. RiSV 

[ 0 0 7 5 ] 

M»i4.Jie?i«;. ?ie^«. iseiijs*-?ic5!2<9fg*7^!7f-;i,t'>«<vti;n± 
tt2«3t<$e. B!iiss^ba5«*^*viii^f^t)-tt7«fflt3c"i:t^7?=i. caici:';. 
3t<9le<^)®accl;^fiecfg3tt?fS3t^llt1fifl^tIc•i;^^-??=3.s^b^^!l®3t^$>; 
ajfftfti+Tffiii>itL3«3tfttt. sesfsatsattts^-Ai z 04 ■■ eu. Yz s i 0 

6 :Ce. Tfc.M9-Al, ,0,9 :Ce. Tt. 8i'7AI,zOz5 :Eu. (M 

f . Col. 8/". B0L<?)pir'>^S<^eW!«.±)G0L2 84 :Eu. iemf!3fe®3t<tS 

(P0,)3C|:EU. (8^-C0lB0i)5 (P04)3C|:EU. (BolCOL 

) 5 (PO4) 3 CI -Eu. (Mf. Col, 8)". B0L<57'<r'>«<Vt1>«,±) zB 
50,C|:Eu.Mn. (Mt.CoL. 8)'.BoL(J)?-'?'>«<V:ei;ii.±) (PO4 
)8Cl2 :Eu. Mn.j»e^fg3t«*»YzOz8:Eu. LoLzOzS^Eu. Y 50 
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tsi e -^^f?? 2 . fib. ie. te^<9f!3t«*^*R. ±ie<5®*ft cusr 

C 0 0 7 8 ] 
[ 0 0 7 7 ] 

3S^5h«^i4RF«3t<?)aa«iiJS<9*tt. 2 7 0 nm» li 5 0 0 nmit3£*-?<?)iafit&Mt 
I) ? . 

[ 0 0 7 8 ] 
( % % HI ) 

*t 1 ^^f^^fgJfcJS^^fft* U H. C ? 5&*«^<i>«ff ^ U T . BN. Si 

C> EnSe^GoLN. IhGolN, IhAIGolN. AIGo-N. BAIG(xN. BI 
nAIG0LN5ya^©¥«ftt^iric^S'-??=I. fB]«ic> c*m«i)x«ic^tt?»x 

idji^ifftC^jjliy, AI'f'GoLtSe'S^btt^fft. In'«>G0LtSt'S<b?»¥««:VU 
TlnxAlrGai-x-vN. 0<X<1. 0<Y<1. X + Y<1)i^«fc';»iilC 

[ 0 0 7 9 ] 

isiirttic^t???. 30 

[ 0 0 8 0 ] 

ZnO, GolAS. GoLN#<?)«iPfZ^»)glCffll) tl ? . a S "tt © A I) S lb » ¥ 1 1 

ttt^<r^ssjrtti^.4;)r:i3:-9-77-i'7S*gt^'Jfflt7c>:i^»*ui). c'^ifyj'f? 
ai^s±icHVPE5*^MOCVD5i55ytffliiTSib!te¥«fttB5)t;riti::^t^"??=2 

. -?-77'f7S®±CG0LN. AIN. GOLAIN4f<9l&a7 0?fit1tl|i A 

y77Str#E>fu^<?)±icPnS^tttis<b«!¥«fttr#ja:ttt2. 

[ 0 0 8 1 ] 

Hb«5¥«ftt«fflU^Pn«^tttI«?hmflltX))*J;<5!*Rf^5%*«^^JVU 
7. Ay77S±IC. ■9-77'f7S«C!>?r';77lI>;IIISaiiC8 i Oz t7K7'f7*«;iC 40 
Wf^t 1 . ZK7'<7-±ICHVPE»tfflllTG0LNtELOG (EP ItcxXlo,! 
LOLteroLl over G^owS Ga N ) r tt ^ . JSE l) T . M 0 C V D 5* IC 

U-^m^t it )t9i \ <!) 9 y V P Sit 4 yy? L • 7 )l^Z'^ L ■ 'J 1 L<l>^rSY 

. p s!S<b7 5 z 0 A • -5 /A-?r#0? u fe« 2 <4) 7 7 y K s . p ssib»"j i.7r# 
B!^:ufe»2<^)□>■?9^-stmlc8Srt^:fe^7•;^^T□«E>^«v<5«Ee^^*lr^^lI. 

)gtt)ityy5/'7l>7'f7-r#«>:UA''fFS7«t'>:«Cttai8gJ»lffltl5it*5gBHC?'Jffl 
[ 0 0 8 2 1 50 
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e. Te. c#t}it«At ? c u 11. p is <b» » t r#s)f r tt ? » 

ftit, pSK-A>h-?^3Zn. Be. Col. sr. Ba^tK-?-^^^^^; 

-!^77'f7S«t^>i«ll»ftl*. !6l<9D>97l-S<?>*ffl*-?Pl!«!lt^HX 
[ 0 0 8 8 ] 

fg*^iic3vi)T. iiej;<r^s5t:tttz;fed;)icttii*'iii>f±8Ptft^yfflUTBE)crtti 

II. u©»e®*#»'i99S*SSfiv;«*ttffilli©'*^b¥t*«U7. «3fe«^»«Jh«; 
cfe*X'H5h;i.tftU. ^<?)tfgetlfiStt3 6 0nm;!<±4Z0niinJ.HT©t<?)'f'. 4 

[0084] 

CC-?. ¥«#«*«^tt> ^iMiB5«fi1 0' '-1 0^ " / crin'-?JKE)?tti2niS!D 
>^9KJS®V-KtemV. ^^tttP^ffitD-y-KJ&tSV^f- RP^Rn<i)l«^5JZJ; 
pCiSSsrftTii^cVZ^fttbii. nlD>'?7hStt, ^j;cl3rlg)?3~l Oum. J; 

'j»*u<tt4~6umicr?srTtii>:»*u<. ^<9 5/-Ka»ttti o~i ba/nY 

Eae<4tLZUV2Ai5.C9>:?=©RPttfilE5/-h»SlfllJ!t±<i)>'-Ka»C<It*t3 
J;?IC»Bln:ff^srtIVcfcll. Sfe. ilit'ttPlffil*. SifSfi 5 0umi!^T<?)»si-?r# 
5)f r ^17 I) 7 t ^ 11 . P Iffitt ^ S>1*.%5> I T 0 . Z n 0 t fiiffl t 3 C- V »f7 f 1 

[ 0 0 8 5 ] 

fel4«IX«<5S*llCJ;';S*ftPlffi«9 5/-hte*AO>mttIV5eSft3VJ;C^SSe 

itasixsfiSiiKt)?. S3fe'ttp«ffiics*a3^>itt6^s7c«<i)itt'>«iievaia 
e»tj;<ft?. «£3i5<4)¥«#fe*«^tt5/-ha«t<?)gi«t^Rp<Rn73f)o*.aif. *fs 

BB7l3:RP^Rn75)^<i)7. jgatftPlffit3:«t*<i)to)>iJt«b7»ffilcr#5)?rtlTC 
>:>:SI«f.u9>J?=S*^tt6^Si7c«<9S*lta'itc>:7SIHbi^$aicfi:t? 

[ 0 0 8 8 ] 

nQ/D>:. 2*eP mffi© V- M&mR P Q/DVifr. R p ^ R n o) 1 « t U T u ^ 
CilflffttUll. ¥5f»f6*«^V;0Tr#B)fU*.«CRntiliat79tt»IU<. RP>: 
RnV<?)S«tffl?(?)ttllH±^°[M75)2tff. %3t^ci)3tMlS«'^P<5«;«»>>V<?)J:? 
ftRP >:Rn>:©g8«iC«oTliI©»t5J13C^flf7?=?. 
[0087] 

g3fe#P«ffiVnS!D>^7KS>:tfRP^Rn<5S«7<?>?^^.S(iies*'SPlffi± 
IC«b7MSe«fl5ttt7Pliy-&^^ffitl5itlV.?H«I%S!l^X»¥<<)^l±tE 

ft. ^tJS? llSflfja? <<)7»* t ll». ^ y 5/ itt7t .fell. t^Ptttt. lll1tJ•!<.5^ 

c. «:7tJ^i». c<?)>; 9= P«J-&S«ffi0miiifflicit^jL 7ffi 

*xi)»»fjixt3fed;).is*«)Sw5e*Jiai«}St±iai'i«Mij;?icg5«ian©©ti& 
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C 0 0 8 8 ] 
(f!*3!5^) 

±a<?)IRJh3tHlie<55!it«^>:SftIffe*i&iE<?)f!*«^tffiffltlCVe-?9'I.« 

01*. ■P'J^L«r-9-77'f7S«1±ICG0LNAy77lt^UT, 8 l«fr7>h-- 

7-GolNJB. * p«Jt©f6*S (GolNKSS/ I n G0LN^Pl<9l^?f P« 

li) , M^SfK-7't^lfePSGaNiAiJ5lPi!Ga.N*m5;iP77yh'S, M^tff 
h'-7-rilfePlGaN»ii*^ PSD>'?7l'l^^m)J:aitii;feal«itt*U. 
T<?)^7lClffitfr5^SJ(:rn.-7llZ. fflU. C ©^EE >:IIS3%3t*^10t«ffl-??=I. 10 
[ 0 0 8 9 ] 

p:*-^y7lffltt. p Id > 5 H±<?)ai3r±ii cr#BK?-*i. -^©P^-^y^^ffi 

[ 0 0 7 0 ] 

nlffitt. Xyf>7lC<fc';PlD>'?7Hi^^7>P-7-G0LNStl»SL;T 
[ 0 0 9 1 1 

*5IS6<5r^«7l3: . # 1 1 ^ ?f P«ft <9 fg * 1 1 ffl II flf « *fgflHtt. caiCiRS 
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[ 0 0 9 4 ] 

( - K 7 U - A ) 

i;_(;7l/_/^l 313;. j r-j y ^ _ ^ Z \ ^ y - ^) - V y 3i)>:»H t ft ? 
[ 0 0 9 5 ] 

Y07I>'J-K1 30Ltt. 9g3t«^1 OtSel?ttSt<5-?5)I. Y'5>K'J-K1 3a- 

^1 Q (oft-nmt . Jy7-wtfiiet3t»i i ^80i5D-T^77a3«i zv^a^Tu 

J . Jy7-Wic5!*«^1 OtS!&HelUTt'7^'J-f'1 30Ltf!3t*^l O^ttSl 
ffiVU7*Jfflt?C>:£7?=I. U<9M6. t«'«iafe«'ttV91tt7'<tl4V<9« 
ae»f5lit4ftiJftI. 5!*«^1 0>Ll^y\-')-\^\ 30L9*v7-^<95^'faC7K (»1 
) tt. !9lS<bttffilBiJyc<J:T>Tff?CVt>'-??=7. ^®<btt<S18VU7l3;« xtK+VISJ 

li. 77';;i'ffli> 'f5Hfflsi«yt^^irijfti. 7x-x^"'575g*«^ios 

[ 0 0 9 6 ] 50 



(18) 



JP E004 182781 A 2004.7.2 



-< y t - 'J - \^ ] 3f)tt, 7'?>hiJ-K1 30L±ICBeirn^^itt^1 0<i)^ffi3» 
'iM&fZ«l'li7'f-iri4^<?)iafi<l»iS6t02t<5-?i?)?. -<>;^-'>i-K1 3fctt> 

oL^iiiEtifeffiSicsetticv^ffttuii. Y':?>h';-Ki 3a,±c^sixc?)^*«^ 

1 0 t iSit ;t»^l3: > *«ie 7 t |Bl±»f»tt U 5i II J: 7 cEf? ?= ^ «SeiC t 3 
i^iM. ^>>--'>l-K 1 3/)tt, Y7>K';-h- 1 30L>:|D]«<9«Stffll)3'CVt^» 

[ 0 0 9 7 ] 

( ^ 1 -It 7 t )■ 

«ie7'<tl4tt. %*3S^1 OtpmaS^. U-h-7l/-ZAl 3VtlMttllC««Et? 10 

C 0 0 9 8 ] 

( =E - yi/ h" 85 ) 

€-;i.KfiPttl 51*. f!3tlS^1 0. l*ftl 1. 3 - r ^ y ] 2> i;-K7U- 

/*i 3ii6f«m447-fti 4«yt^t-8P»>i<*ar3^(y)iciiiit'4tiTuz. t-^n-'sn 

«1 5tt. 5t-aJ*m<i)«ai«)<5fl!!IC. ?lifftt;£ If IE3fe«Tl 0<]H4<5Jg|filttt 

1 5IC0;. KfiJfJ, «fefJ. ^K5h«l?SiiRfi"J^«atfttg*rtt?CVt-?3=2. ffiSJSJ^: 

>; t)f» * L II . 
[ 0 0 9 9 ] 

[0100] 

53V. ssi^&i*. 25t:<9fg*«stioo%vr3fflj^uis-?mt.aiMtt. f. s 
. 8.8.NO. (FisKe)" Sut Sieve Sizer's No. 
? s a a® 3S C «fc I •fl7 ^ ? . 
[0101] 

(SJgffJ 1 751 4 ) 

$ 1 . n 1 73 1 4 9 s ^b » « * ft <9 iit e t r . 

[0102] 

03(3:. SliSffl)3<9S<b»®*fttEX = 46 0nm7i&jeu*.>:?=<?)fg3fcX'^7 40 

9S^b^^)t^tfttJir#u;t8EM5K-?a?)?. (ol) i*. i ooofg^ffis^uTiii 

.@6(t)tt.5000l&7ffi«^tTllZ. 
[0108] 

[^ 1 ] 
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C 0 1 0 4 ] 

HBSffil 1 7>1 4 tt « (COLo. 9 1 E U 0 . 0 s ) z 8 i 5 Ng f ^l^M S1b!|»S3fe# 10 
C 0 1 0 5 ] 

HJifeffl 1 7514lC3ifl)T, E u SIS 0 . 03-?i?)2. EuaiStt. C a. © C « g IC Jit 

b7<9?;i/Jt7j)?.. 

C 0 1 0 6 ] 

sr. iiiPt<!)Cat1~1 5umlC«&»L, S«SH« + ■?S^bU^.'^^^)«^. Ccl©S 
<bit»t0. i~1 OumiCil»»Ufe. /Sin<?)CoLt203'fflU. S^btiR^fe. 
[0107] 

s^b^l5to. 1-1 oumic*&»u^. /i)Pf<?)s itzo^ffiu. g^tt^77;fe. 

[0108] 

Eu«?)^b^!t»EU2 03lC. B^^b^fi&HsBOstS^jSftUfe. Eu<i)<b^!ai 

EU2 O3 t20?. Ha BO3 tmSlWlU^. Hj BO3 t»JS>:Ufe«b. EUz 

OaCiSftO. ffiJ^Ufe. ttJSft. 700t:~800t:-?«)5i^^. BUbSiiat-JjeSfiK 

tfi^fe. ctiicj;';Bz^5iinttLfemba^aK:-':?/^i^»JtrtL)£. c<9«E)E'<t, Eu 
^ B V Qilftito t 0 . 1 ~ 1 0 u m U ^. 
[01 09] 

COLC^S^btt). 8 i<?)g^bi|». Eu^B<9iS^»t, HSl'^ U fe. fISfefilll 

7514IC3VUT - Mf^-g-hZ^itlOJl'^ 1 kCa-z N z ■ ^ it 'T' 4 Hi B l s ^BUbi 80 
'>Df'5AEu203(i)#7i;*<9jS^.tt^(t;i/A)t3:.CoL:Si:Eu = 1. 94: 
5:0. O6>:«3<fc?lC5Slir7.C0iii^Jt$iC«3J;7IC.Ca.3N2 («^^11 
48. 26).8l3N, («'^1140. 81)t.EuVB(?)l^»tfflU,iB^ 
t«ofe. B<i)^ilGltt. :§«^fflSK<?)*^lC>SbT10PPm. ZOOPPim. 500 

PPm.ioooPPm??)?. 

[0110] 

«BJ?C^ B 0-Bni^3Ri{ U T . C . Q » Id; V e '> « I) 1 40 

U 7 II I J> I . 

[01 1 1 ] 

ll]56^?Jl7514©Hb?5!)S3tft<9f!3tJfS;j6'1^5a)¥tt, fIJigfJitI 0 0%>:U. C 
[0112] 

^1<*;';Btl OOOCPPnni!<T^iDU.;fe\:?=. if^iCl PPrnJidl OOOPPm^JLT 
[0113.] 

SSg^?Jl7114(9S<b«J®3t<*<?)¥}DlBlStt. 6. 37517. 8um7$)^'^. S 
S8e"Jt=<i)S*^*Ctt. BS«2^. 0. 5~1. 2 tl7llfe. 50 
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[01 14] 

t ff .o 7 n I . 

[0115] 

siig ic « ? « at » > m'mn^t)>ii&if)-z 1 . sjs^j 3 <?)S^b«5®*#<9 

fifiifftttt. 1 0 0 t © >: $= 9 7 % . 2 0 0 >: ?= 7 0 -5 
[0116] 

%mm ] 7)^ (omit'^'^^^ti. 46 on m<9li!ifi3t3Sic J; ')i&firtt*.>:9=60 9n 
[0117] 

(Si56^?J57519)' 

2 IS . Ilieffl 5 73 1 9 <?)S^b?»®*tt;0!ltttt Sit . 
[01 1 8 ] 
[«2] 
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[0119] 

f|]6ge'J 57319li« (CoLo. 97EUo. o 3 ) z S L ^ ^ -7^7 til 

?iPioT> B t mSlS* U T I) 2 . Sife^JiJ 5 <9S^bi|»®*ft t*5PC . 563fe«S. 1^ 

[0120] 

SSSffJ 5 75 1 9 IC«ir 11 T . EuHSttO. 0 8 f $) 3 . E U « S R . C ol <?) =E A' « S IC J3 
[0121] 

SIS^J 5 7)1 9 tt « ^JSfiU 1 7) 1 4 3 . 

[0122] 

tr. /gffQCoLt 1 ~ 1 5 u m . s^saa^ 7^ib u ^. ca.<9S 

^b?»tO. 1~10umiCi(a»U;fe.. i5JPK4)CoLt20»fflU. S^btff^fe. 
[01 28] 

(Bl«IC. Jfff<98it1~1 5umlC*&»b/St^Hai=7S<bUfe. ^c9«. 8 i<?) 
S^btitO. 1~1 OutmlCi^ftU^. it20?WtU. S^btff^^£.. 

[0124] 

COL<?)Hb«». 8i<i)S^b», Eu<?)^bft»EUe03. B<?)^bfti|»HsB08ttt^7 
ii^tff^^. Eu«i)^b^tEU2O3t20t. H.3B03tFffSlfflUfet«i)t« 
ffl b fe. mmWl 57519lC3rll7> /i!^7$)ZS^b^^^>"5iUC0L3^I^ :g^bir/r«S 
is N4 ■■ J&itJ.1 at' UEkx z O3 ©§7C«<9ii6.tt* (t;i.Jt) tt. Col: s i : 
Eu=l. 9 4 = 5:0. 0 6 V « 3 «fe 7 ICiBK t 3 . B <5»a]ltt . t!»fflfiS?(i)«>^l 
icJjIUTlOPPm. EOOPPm. 500PPm. lOOOPPm. lOOOOPPm 

[01 25] 

±IE<bftttt lie U . «fi)?tfiofe. «0?*#tt. 7>€Z7glia4', ±8E<b6«ltffl 
JaiCftAL. ^ffl»iJ«t^lCSfflU7, »1 600t7»5i^lS. «J5ft«l), «)>o<') 
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C 0 1 2 6 ] 
[0127] 

*2«fe'/Bt1 0000PPmJ!i(T^iI]U*.>£$=. fS*3«fi, l^Sfi^^ifciilXitArvU 
[01 28] 

mSfiiJ 5 711 9 <?)HtSi)^3t#<i)f «iBiatt« 6. 0 73 1 7. 2 U m 7 i?) o . IS « « S 
tt> 0. 7~1. Oll%75)-3fe. 
[01 29] 

(UliSffJ 1 0 711 1 5 ) 

^3tt> SISC'JI 07111 5 <5Hb«J3t3t^$<?)itlttt . 
[0130] 
[3^ 3 ] 
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[01 31] 

ll^6^5'Jl071115tt. (S^o. it'EUo. 0 3)2Sl5N8'?^7<l'?S^t?»S 
[0132] 

SJg'lJDlOTlllBCSVDT. Eu»SttO. 08-?iihI.Eu«Stt. S^Ot^l^SS 
IC?ilUT<!)€;i'it7J)I. 30 
[0133] 

%m&i} 07111 5tt. ^Ii6^Jl7114V. lJlS[Dlbail^^lCJ;V»3tt4To;fe.. 

fi'ji7ii47«fflufeCoLit:«^T. niseyi otiii 51*. s^tffifflufe. mss^jui^ 

7114tt»1 60 0t:-?«SsKtffofe»f. SJ6ffJl 07111 5tt»1 35 0t:-?!^EEt47 
[0134] 

«3<i:')Bt1 0000PPm>XT5iJDU;fe>:?. i^ici 0PPmJ.H±5000PPmJ!<- 
[0135] 

siisey 1 0 711 1 5 ©sit»®*ft<9T«iHiatt. 2. 17114. 7 u m-?;?) ^ ^. n* 40 

jHfitt. 0. 8~1. 1il%7<?)->fe. 

[0136] 

(flli8fl!'Jl671120) 

S4I3:, fIJSffJl 8 73 1 2 0<?)HbttS*#(?)it^tttrvt. 
[0137] 
[114] 
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*ft7i^^T. B t PffSlS* U 7 I) I . flI6#Jl 6 ©S<bt»®*»tS?l*C. 5S*J»S 

SSg^Uyi 675120 I) 7. EuJiSltO. OS??)!. EuaStt. 8)"<?>tA.)iB 
[0140] 

^5'Jl71i47«fflUfeCa.lCtt!itT> III6<5'J1 6751201*. Si^tftfflbfc. 
[0141] 

$4J;'JBtl OOOPPm^:^T»iDUfeV?=. !lfiC1 0PPrinm±500PPm;K.T)i 
[01421 

HiSffl 1 6 751 2 0 <?)S^b«5S*ft«?>'Pl^aStt. 3. 2 75 1 8. 9 u m "? J) ^ ;fe . 
[0143] 

(HJiSeiJ 2 1 75 1 2 6 ) 

«5t3c. S16'e"J2l 7512 69S^b»S3t#©ilfttt>T^t. 
[0144] 
[l^ 5 ] 
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[01 45] 

|llti6^5'J2l7J126tt. (Colq. zaeSi^o. bsbEUo. oi^z^^n^i'^ 
[0146] 

Slg^JJ 2 1 75 1 2 6 IC3^ IIT. EuSISttO. 037^2. E U SI S tt . C o. ^ 8 V 9 
[0147] 

SIg^5iJ2l75126tt. flE6<9Jl7514>:. lJIJ(BlbSit:5)*IC.fc';Sittff-?.fe..Mlig 
fl'Jl75147fiEfflU^C0LlC't^^T. Sligffl2l 751 2 6». Co.>:S)-<5S^!|»tfflll 

[0148] 

lt5<j:';Bt5000PPm>!«>T»ioufe^?=. i^ci OPPm>:^±i 000PPm;y>T 
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[0149] 

SlSBfiiJElTllZeoHbililSattt^l^ftliBiatt^ l - 6 711Z. Oum-?if)ofe. 
C 0 1 5 0 3 

<5!*^® 1 > ~ 

titS'vtB-fi?)!. 071*. *?IWlC«?f!*»11<?>efiSatr^t0-f»)I. 
[0151] 

T^>7 8n«i 2?a^^^^. 'J-K71/-A1 3. «*<$i i;jz/D-T^>7a5«i 2 
^o)?^)^t^-;^h•a5tt1 s-fSoTi)?. ¥«ftS2tt. t77'f7S^si±icn*G 

(XN: Si. n-AIGotN^ SI. h-GolN, GoL.InN QWS. P-Go-N^M 
f . P-AIGa.N:M». P-Ga.N:M9'<?))illcaSrtl7Ul.lSn''Ga.N:S 
iS<9-8PI3:Xyf>r^tlTnSmffi»fff^ES;ttlTllI. i^P-Go-N : M§-S±IC« 

. p iiffl;efr#5s:r ^iT I) 3 . 'J - h- 7 ^-^. 1 3tt. SfeA'; jstsui . t 0 > k y - 

h-1 30L<i)±fiPICtt. fg*«^10ta«t?fe4;)<!>*v7*flf85it'4ftTi5'K S^v?- 

©aij'i'*ai©)i;iiicafE*«^i oz^r^ac>Krfl,7iii. ^^ttV'fri 4ici*. 

St a I) . mffi3V:«^tt7^'ri 4t«^S5*-r^;fe(y)0)A>7-4lCB:. Ni^y1=t 
iSt. t*ft1 ICtt. SI6^5'J49<9S*#^YAG^®^t«:^tii^rZ. D-T^^ 

1 lt?;f£<5SJ^-?2ieU^e<i)tffll)l. t--/l.f-"B5«1 51*. X7K + ;/«lSStffll)? 
. c<9fiS®S!9fg*^Sil*. t-;n>"a5tt1 5<i>¥«2~4mm. S.r»7~l Omm 

[0 15 2] , * 

fl^Ull cmat^At'i:. 15 If 46 Onnn7DiSt?3Sl <9f!3tX'^7h;i/tsr?H 
ef6*«^l OSff!*U. Cf^SSl'^fS^X^^K^Ut. ¥«<*l2ta?®?t<$1 \» 

eis^tfttffi). iiie!Bi<i)fg3fex^5h;u>:s«i«2<?>5e3t7^!7K;it*ti. * 

S*ft1 l+ICS^tllTll^YAG^^^^*!*. SSl'^fgafeX^^MUCJ:';. 55 

';#^ft^&ffefieicfgettZfl*^litt£^ftt2cVif-?3=3. 

t 0 1 5 3 3 - „ 

3tJf6BBic«?fg*^11«9®*<*1 11*. SHi^^il 5(i)m*ftV. □-T<>7fi|5tt1 2 

-Gd-Al - 0 ■■ Ce) VtiE^U;tS*fttffltl?. SSSffJl 51*. Bt^iDUfeC 

z7ABHt^«*»«i)Jf<9®3ttttffll)?.*5g9BlC«?fl*^11>S2'it«>:.«^^* 
Htl*. (Yo sGcLo.e^aAlsO.e: C e <9 ® * I* t « ffl t I . Jt«^«2 
5g*IISl*. fef!*«^V (Y-GoL-Al-O Ce) (^S^tfl^^i'Pffl^tt-JfS^t 

•t2'JOZ^-?Sl)Sr*l.;^-'fyK'>'OZ.-:y'J'5Z.-7;i.^Z'5ABHb?D^ 
■*ftY3 (A I 0 . 8 Ga-o . 2)50,2 : Cet«fflt^ CVi^fitUU. 
[0 15 43 

f!*lll1«i)«*<$1 1(?)tlJtf*. □-T^>7aitt: (Y-G<i-Al-0:Ce) 
: SlgeiJ 1 5 1 0 : 3 . 8^0. 6 3 . - ^ . 563feili 2 <5«3t 

<*0mtl*. □-T-(>7IPtt: (Y-Gd-Al - 0 :Ce) 0S*ft=1 0 : 3. 
6 <?)ll)f?iSft U 7 I) I . 
[0155] 
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%I£ 

VF (V) 


Radiometric (nW) 


Photometric (Im) 


P«ak (nm> 


FWHM (nm) 


Dominant (nm) 




20 


4.05 


14.78 


0.955 


464.02 


19.35 


4B8.05 


WfeLED+YAG 


20 


3.75 


9.59 


3.042 


463.47 


150.73 


568.85 


tfeLED+YAG + 


20 


3.80 


5.84 


1.890 




196.36 


582.75 
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V 


Tcp (K) 


Ra 


(lm/W3 




0.134 


0.057 






11.8 


#feLED+YAG 


0.348 


0.367 


4939 


78 


40.6 


ir&LED+YAG+ 


0.454 


0.416 


2828 


76 


24.9 



[0157] 

R 9 (3)«t«fffft*lT I) I . !^5i!i$SeBfffi!8fR 9 - .ttlJ tt) ^ S © S II t 6 © « fe 

©ertitiisu^^T^a^^. ffl!<?)!»5*)iies^flii&R 8,Rio¥tc(;'Moo% 

^ 0 1 5 8 ] 

□ -T^>r8n«1 2>;«ICiiftt7«*<*1 1I3:< Y-GoC-A I - 0 ■ Ce<?)S*ff 

>: ^it^m^WY. tiifiu -zsu-zi) 3 . sst^Sis ? fed;). «st^a 

•ce<?)t*ft;t^%^a:is u < s <t c t ? . J: ^ t . n b □ - t ^ > 7® 
tti 2^«*^$i i^tffli)Tii7t> ^*^l©eilicfet<ii^ibicv>:«3. ^ 

[0159] 

^ ^ ^ ^ S 2 ^ 

3flf. 3 80~40 0nm9«?l>3tE»fi<?)f!3t«^tffiffltlC'ii»f-??=. f!at.«^1 0 
1 13:, CtLCl!R^r*l.«l>. 

[0180] „ 

3fe3S^101tfflU?.afg3t«^l01lCtt. P 1 nS3ii«ftSVt^r#SKr 
') (0.tvU . a P S^«ftS^ nSi|i«ftSlC». i; - K ^ffi 1 0 2 
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[0161] 

[0162] , ' 

>^±<9<fc7cu7r#wrti*.fg*^itffliiT6eLED7>7-tr#s)?ti>:.^!»is*'; 
?= 7 . 

[0163] 
< 5g * H 1 8 > 

|gl9»> *f!BBlC«'? + ty7'9'f7*©fgitllt3t3-vtlgl7S)Z. 
[0164] 

fg^Hiil C3*it2BPttV[Bl-©SPtttCttlBl-<i>H^tt4UT, ^<9i!iBHt*II»t?. 
[0165]' 

1t;fe*SfittmSS»ii«H=i'y7-1 6t«itt^CVC<*;')«5)irtl?. + -iry7-1 6K 

. 1 (9 t - h" Bntt 1 5 (i)r#«:ic t ^ i^ttcsjrr^ u -? d 7 . * fe» . Pif£t?> 

0(:it3Sit:^)S6°r«E-?^3. 1=ry7-1 69*Sifle«}BS©*<*«lttiPtVU-7lt. X 

- ;^«^l^s«<?>}i«^btt^BBS•tffiffl t ? u >; I . /K'jx^u^. 7r^';7-Dci/ 

7. /K 'J mb i:* Z . 7R';Zf U>«©mRFSi'tt«B8. Xf U7-7'9 7"X77"Dy 

c 7^' 7 h <t7K iJ 0 u ^ 7 "Uttir/x^ B ISffl t 7 c>: t^-? ? I . 

■zetl). 3t5e^<b9J^«eS'JtS*rttTtKt). =t=ty7-1 6C«fflrft3S 

*fftt. HtSfliJl 5t«fflt?. 7'57l'y-h"1 30L©3?y7-ncfflU^tl3®*ft1 
1tt> SISffll 5tffll)I. U*H. + ry7-1 6IC®at^*tfflU2fe4;). 7'!77l-'>'- 
K1 30L<5Jy7-ntt. 3-T y 7WtS ^ 2<?)J^T^e«fcll. 
[0166] 

C<9J:7IC«ESJri1.*.5!*illtt. 5!*«^10i^>iJiliiirtlfeat<t)-a5tt, tfy7-1 

•1 6Ci)$l#^t3;. ti&%<i>flttfSi-W'\'Sl^ttlZ, 
[0167] 

3 Sib?»S3fc<* ttSiftt ? u v ^f-? ^ ^ . s<b!»iat^$tffli)7. fg * Sft a »«5 

[0168] 

a.flf8 0W±-?i?>'K!»IC3*J^tffvt!^5*5Se«ff«iSXR'?:t^7 0i;<.±-??)25!Alllt 
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1 C V *? ? 2 . 
[0169] 

nb«5^*#>;. secf!*tii*#. life icfiatt 7 «3tft. ftfec5e*t3 

C 0 1 T 0 ] 
[0171] 

[ Q 9 ^ $ « 3i ] 

[12 1 ] :*:%Bflc«I%3tlll1 t/TtS"??)!. 

[El2]*lsasc«^s^b^^l®*^*<^)S«i£^str^tl2l■?.if)^. 

[III3]IIIgffl30S^b!B8®3tfttEx = 46Onm7B9fiU^V:?=<?)fe3feX'^7K;i't 

>fv t la ■? ^ I . 

[04] nt^mz (omit^i^it^cDmmx'^'p s^utrntia?;?)!. 

[05] III6fi'J3<9S^bit!5®3tft<9>RSiX'H9 h;i.t^fvtE|-?iP)?. 

[06] Sli6fiiJ3QS<b!»®3ltfttlif^UfeSEM5:S7if)?. 

[07] *^afllC^^^fg*?ISl cpeS^^t/TvtEl?*)?. 

[08]*%8BC«I%3tllS2t/Tvt0-?J)I. 

[0?] 2|s%aflic^^^^-r y7-'5'-f7-<9%*lll3t>fvt0"?^3. 

[??^<t)s!lTO] 

p 1 Mf\(OCa.tmi^t J . 

P2 /fipfci)Ca.tS«SHai'?Hbt3. • 

P3Ca.o)S^bt)t*&»t3. 

P 4 lgiPf<9 S i t I . 

P5 /gft<?)SttS«SHa + 7S^btZ.- 

P 6 S i <9S^b?J!l t *&»t I . 

P7 Eu<i>^b^^!5Eu^03C.■B<^)^bftttH3B03 t S^ji^ t z . 

P8 Eu<i)^b^»E.U2 O3 ^. B<5^bftWHs BO3 V<?)iB^»t. BHb5liSl4' 

P 9 E u V B <9ii^!B!l t»» t I . 

P 1 0 CoL<^)S^btt. 8 l«9S<b?». EuVBVOil^itJiltii^tl. 

p 1 1 CoL<?)Hb!|». 8 i<?)S^btt. Eu>:B>:<?)iB^ttt7>tz7»lia + 7. 

PI 2 Bt>f5iioriifcCoL2 S I5 Ng = Eu-?«rtlIS*1*. 
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2 ¥^<$1 

3 Iffi 

4 A > 7- 

'1 0 5g3t«^ 
1 1 ®3tft 

18 y - H 7 u - 

130L TO>l>'J-K' 

1 3 t > :^ - '>< - H 

1 4 9^tt7 'f r 

15 t - ;u K fSJ « 

1 0 1 f!3t«^ 

10 2 'J - K Iffi 
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